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LOW POWER FUSE STRUCTURE AND 
METHOD FOR MAKING THE SAME 

BACKGROUND 

[00011 Polysilicon or poly fuse structures have been formed in integrated circuits that may 
function as memory devices. These fuse structures can be "programmed" by passing a high 
current that causes its silicide structure to break down. In the programmed state, the fuse 
structure has a resistance that is greater than in its non-programmed state. Because traditional 
polysilicon fuses require a high vohage potential to program the fuse, they are unsuited to low 
power applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0002] FIGURES 1 and 2 are cross-sectional views of a fuse structure in various stages of 
fabrication according to an embodiment of the invention; 

[0003] FIGURE 3 is a cross-sectional view of a fuse structure according to an embodiment 
of the invention; 

[0004] FIGURE 4 is a top plan view of a fiise structure according to an embodiment of the 
invention; and 

[0005] FIGURE 5 is a schematic diagram of a fuse with a driver transistor according to an 
embodiment of the invention. 
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DETAILED DESCRIPTION 

[0006] Referring to FIGURE 1, a cross-sectional view of a fiise structure 10 having a 
substrate 12. A polysilicon or poly layer 14 is formed over substrate 12. Polysilicon layer 14 
may be doped with any suitable n-type or p-type impurities or may be undoped. A silicide layer 
16 is formed above polysilicon layer 14. Silicide layer 16 may be formed by thermally reacting a 
variety of metals with silicon, such as titanium, tungsten, cobalt, nickel, tantalum, platinum, 
chromium, molybdenum, etc. Polysilicon layer 14 and sihcide layer 16 may have the same 
planar dimensions, such as width and length, but silicide layer 16 may have a thickness less than 
that of polysilicon layer 14. Alternatively, silicide layer 16 may be formed over an active region 
in substrate 12 rather than a polysilicon layer 14. Conventional fabrication methods or new 
processes may be used to form substrate 12, polysilicon layer 14 and silicide layer 16. 

[0007] Referring to FIGURE 2, an oxide layer 18 is formed over silicide layer 16 and 
substrate 12. A single via and contact 20 is formed to electrically couple one end of silicide 
layer 16, A plurality of contacts 22 are formed to electrically couple a second end of silicide 
layer 16. Contacts 22 may be arranged in an array, a matrix, or another suitable formation. As 
shown in the exemplary plan view in FIGURE 4, the plurality of contacts 22 comprise eight vias 
of similar dimensions though other suitable configurations and numbers of contacts may be used. 
Contacts 20 and 22 may be formed of one or more suitable metals such as txmgsten, aluminum, 
copper, etc. 

[0008] Referring to FIGURE 3, metal lines 24 and 26 are formed to electrically couple to 
single contact 20 and plurality of contacts 22, respectively. It may be seen firom a plan view of 
fuse structure 10 in FIGURE 4 that silicide layer 16 has a width W\, and metal lines 24 and 26 
have a width of The widths of silicide layer 16 and metal lines 24 and 26 are such that 
silicide layer 16 does not exhibit significantly higher resistance than that of metal lines 24 and 
26. In an embodiment shown in FIGURE 4, the silicide layer width, is preferably two to 
three times larger than the contact width, W3, and the metal line width, W2, is preferably at least 
four to eight time larger than the contact width. In comparison, the cross-sectional area of 
contact 20 is significantly less than that of the metal lines, the silicide layer, or the combined 
cross-sectional area of the plurality of contacts 22. 
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[0009] When a programming potential is applied across metal lines 24 and 26, a current 
flows from metal line 26 to the plurality of contacts 22, and then to the single contact 20 via 
silicide layer 16. Due to the small cross-sectional area of contact 20 in comparison with the 
combined cross-sectional areas of contacts 22 and also silicide layer 1 6, a phenomenon known as 
electromigration occurs in contact 20. Electromigration describes the migration of atoms in 
contact 20 due to momentum transfer from the electrons, which move in the applied electric 
field, to the ions which make up the lattice of the metal. A result of electromigration is failure of 
the metal in contact 20, which causes a discontinuity or open circuit therein. The material of 
contact 20 and its fabrication are preferably selected so that failure caused by electromigration in 
contact 20 occurs at a small current flow and low applied voltage. For example, it may be 
preferable that programming of the fuse occurs at about 2 volts and 4 to 5 milliamperes (mA). 
Once fuse structure 10 is programmed or blown, it exhibits an open circuit condition with 
substantially infinite resistance. 

[0010] Referring to FIGURE 5, fuse structure 10 is represented by a resistor symbol in the 
schematic diagram. One terminal of fuse 10 is coupled to a supply voltage, Vcc, and its second 
terminal is coupled to the drain terminal of an n-channel MOSFET (metal oxide semiconductor 
field effect transistor) 30. The source terminal of MOSFET 30 is coupled to Vss or ground. 
MOSFET 30 is an example of a driver device operable to supply a programming current and 
voltage drop across fuse 10. A control signal is supplied to a gate terminal 36 of MOSFET 30 
that is operable to tum the transistor ON or OFF. An output signal 32 at the drain terminal of 
MOSFET 30 is supplied to a sensing circuit 34 that is operable to determine whether fuse 10 is 
programmed. Because the resistance differential of fiise 10 between its unprogrammed state and 
its programmed state is large, sensing circuit 34 is likely to have simple construction. 

[0011] Although an n-channel MOSFET has been shown in this example, a p-channel 
MOSFET or another suitable driver device may be used. It is preferable that the driver device is 
simple in structure and does not require additional processing steps to fabricate. 

[0012] In operation, when fuse 10 is in the unprogrammed state, it exhibits a low resistance. 
Therefore, the output voltage level at the drain of MOSFET 30 is near the supply voltage level. 
To program fuse 10, a control signal is supplied to gate terminal 36 of driver device or MOSFET 
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30 that turns on MOSFET 30. A voltage drop of substantially Vcc is thus applied across fuse 10 
and a current flows through fuse 10. The small single contact 20 (FIGURE 4) of fiise structure 
10 is forced to bear the current flow and thus breaks down. A discontinuity is formed in contact 
20 and fuse 10 generally becomes an open circuit or its resistance becomes very high. Therefore, 
sensing circuit 34 may detect a voltage level approximating Vcc when fiise 10 is in an 
unprogrammed state, and a floating or very low voltage level when fuse 10 is in a programmed 
state. 

[0013] An advantage of fuse structure 10 is its low programming requirements. Low 
programming potential and current are sufficient to convert the fuse from a unprogrammed state 
with low resistance to a programmed state with high resistance. The fabrication of fuse structure 
10 is compatible with single core oxide processes and does not require additional processing 
steps. Further, fuse structure 10 does not have the characteristic polysilicon fuse bow-tie shape 
that easily gives away its presence and thus enhances the security of information contained 
therein. 
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